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nitrocellulose lacquer. See lacquer. 

nitrochlorobenzene. Legal label name (Rail) for 
cbloronitrobcQzenc 

nltrochlorofiorin. See chlofO|MCfiA. 

/Miitrc>-o-4^hlorophenyl dimethyl thinnophos- 
phate. 

Sec dicapthon. 

nitrocobalamiu. CaHMNuOi^PCo. One of cho 
active fonns of vitamin Bia ia which a nitro group 
is attached to the oential cobali atom. 

nitrocotton. Sec nlbroccUulosa 

2-Dltro-p-cresoL (4-inelfayl-2-nitrDpbenol). 
NOj(CHs)C*HgOH. 

Propertiesi Yellow crystals. D 1.24 (38/4Q. mp ap- 
proximately 3SC bp 234C. Slightly soluble in wa- 
ter, soluble in alcohol and ether. Combustible. 

Hazard: Ibxic by ingestion, inhalation, and skin ab- 
soipCioa« 

Use: Intennediate. 

nitrodichioro derivative. Sec the concsponding 
dichloronitro derivative. 

0-nltrodiphenyL 

See o-nitrobiphenyl. 

<>-iiltrodiphenyIainine. C^HsNHCeH^NOj. 
Properties; Red-brown, ciystallinc powder. Mp 75- 
76C. Combustible. 

Use: Stabilizer for nitioglyceiin; chemical intenne- 
diate. 

"Nitrodisc" fSearleJ. TM for miroglyoeiin 
naasdemuil pittdi system. 
Use: Drag athninistered by transdennal patch. 

nitrodracylic acid. Sec /Hniiiobciizoic acid, 

nitro dje. A dye whose molecules coDtaln the 
NO) chromophobe group. 

nitroetbane. 

CAS: 79-24-3- CHjCH^O,. A nitroparaffin. 

Properties: Coloiless liquid. D 1.052 (20/20C), fp 
-50C, bp 1 14C press 15.6 mm Hg (20C), flash 
p I06F (41C). auwign temp 779F (415C). bulk d 
8.75 Ib/gal (20C). zefr index 1.3917 (20C). Solu- 
bility in water 4ji cc/lOQ cc (20Q; solnbility of 
water in oitroethane 0.9 cc/lOO C20C). 

Derivation: By leaction of prdpane with nitric acid 
under piesauxe. 

Hazard: Moderate flic risk. TLV: 100 ppm in air. 

Use: Solvent for nitrocellulose, cellulose acetate, 
cellulose aceioprqpionaie, cellulose acetobutyrate, 
vinyl, alky d and maiiy other resins, waxes, fats, and 



dycstuffs; Fricdel-Crftfts synthesis; propcllant re- 
search: fuel additive. 

Z-iiitro-2-ethyI-ly3-pn>panediol- 

CHaOHC(Cj«5)NO3CH30H. 

Properties: White, crystalline solid. IMp 56-75 C, bp 
(decomposes) (10 nun Hg), pH O.IM aqueous so- 
lution 5.4S. Soluble in organic solivents; very sol- 
uble in water. 

Use: Oiganic synthesis. 

Ditrafkiran. Any of several synthetic andbacterial 
drugs used to treat mammary gland infections in 
cows and to inhibit disease in swinc, chickens, etc. 
Axiicmg them ate nitroftuazone, furazolidone, ni- 
hydrazone, and turaltadone. All of the latter have 
been fiound to cause cancer in laboraloiy animals, 
and their use has been discontinued. 
Sec forazoHdone. 

nitrofiiran tain. (N-(5-nitxo-2-fiirFiiryltdefte)- 1 - 
aminohydantoin). 
CASi 67-20-9. CjHfiN^Oj. 

Properties: Yellow, bitter powder; sliglit odor. Mp 
(decomposes) 270-272C. Vciy slightly soluble in 
alcohol; practically insoluble in ether and water. 

Grade: USE 

Use: Medicine (anlibacierial). 
nitrogen. 

CAS: 7727-37-9. N. Gaseous element of atomic 
number 7 of ^oup VA of the peiiddic table, aw 
14.0067, valences of 1. 2, 3, 4, 5- There are two 
stable and four radioactive isotope^; the molecular 
fbnnuU is Nj. Second-highesi-vdlume chemical 
produced in U.S. (1995). In 1995, 68 bjllion pounds 
were produced. 

Properties: Colorless, diatomic gas,^t odorless; taste- 
less; constimting approximately four-fifttis of the 
air. Colorless liquid, chemically' unrcactivc D 
1.251 g/L (OC, I atm), d (ga>s) 0.96737 (air = 1.00), 
(Uquid) 0.804, (soUd) 1.0265, fp -210C, bp 
— I95.5C Sli^dy soluble in water and alcohoL 
Noncombustlble, an asphyxiam gas. 

Derivation; Fnnn liquid an* by fracdonal distilla- 
don. by seducing ammonia. 

Grade; USP, piepuiilled 99.966% imln, extra diy 
99.7% miUp water pumped 99.69b riun. 

Use: Production of ammonia, ecryldniizilc, nitiates, 
cyaoamide. cyanides, nitrides; maihifacime of ex- 
plosives; inert gas for poi^ging, blaiikedng, and ex- 
erting pressure; electric and clectroiuc mdustries; 
tn-tnmsh food re&lgeration and | freeze drying; 
pressurizing liquid propellants; ' quick-freezing 
foods; chilling m aluminum foundries; bright an- 
nealmg of steel; cryogenic preservatioo; food anti- 
oxidant; source of pzessuie in oil wells; inflating 
tilts; component of fertilizer mixtures. 

nitrOgen-l5. A stable isotope, with an atomic 
mass of 15.00011, pscsent m naturally occurring 
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Endohedral nitride cluster fullerenes 
Formation and spectroscopic analysis of L3-^M^N@C2„ 
(0 < jc ^ 3; a;- := 39, 40)^ 

L. Dunsch*, M. Krause, J. Noack, P, Georgi 

CMmyi ^ KUcrotAemtii^y A Qftm^ffaM Pfwiymanr, U\hi^4ft9iSmt -if Jri/w/ Smttf MofvnsU RvtnrOi Dttttdm, Q^J m Drtsdttii Germany 



Abstnicl 

The cJass of «!mlohcs«|T^! {uflmoes \s dftmonauatod In 119 l^rgt variety by the new type ornitridik cduBtor AdroRmoiL Those enOOhccM 

fujla^vtttn wwo oBtelivxl a« rfi« tnpot obuiidanl AiJItnt:ncn in the »oot extract. TJilx i/i loaxilicU by VUl»»ip( uf rencdvo gu ABnoSpncfB lo SIC 
burning fijUcrmc producUoo. The atuwnfcA] ructiona !n chp gorr *inHMtpn«ro dunofi tfiQ jtfoduction arc desctibed. Different liitrido dvmr 
CullttTOOOf were produced with <clccti viry up \» 90% by uting reacrive gda .ddician dsD cool]tig of tbc an: bumlflfi WOCC^ Futlcicnes 
^f*!pAn^l hy rhiv twinned ScjNtacBo, Scn_Br.N«C^ r.T - 1,2.5}, Sc^n<*C,k, x^<yC(H^ it*^ci»Ch„ T^jMecats 

By fttodyins Vl^lR spectra, it ia dismon^i^tfe^ (bat ciiuido cluMer (bllcnsnB? nn? gcnefolty Iflffic bftnd-jnp cndphcdw)*. THeitfbre, the 
]VbN«Cfl» smieuires are voy Mntalfl and tmtablQ for aiiplicatioas. tUJ* XUHIIiy la cau^ by a cttargo tnmarer frtm Hio cJushqc m (he caibon 
Gn0t thrt 4V«mrlaf> of a MaM-«a^n cn^ boful ft* won Aa ooIvImu m^l ni »n;ipcin t>pnda» Infrared ApccCrMOupy 5if M3N ^hu> wm Mod 
(0 fttudy (he mclal and cace M2c ioRiuMea on the stiuciam of the nitride diMler. 
O 2003 Ehevlor Lod. AH rifihu tCCervcd. 



][. Inirodoclion 

Tli« woHtf <if endoirsifcid fuUerenec {1} eompAma a J<u^ 
variety gf 0trvccare«. Endobodnl fnllcmies like 1^(90^3 
wltfi meuu iom included in cti9 carbon ca^e which ciin be 
frcntcd u • BpCfiiiU type of a cloned ii>ti7ruTAtk»i vnniPHVuuU, 
aa there cxi5C» im electron transfer From the incltKfcd meiAla 
to <ho caibcm sbcIL The charge dJstnbuticm was fbatid to bo 
La'^^OfCja. Besides ihe*o mofigxnctal follerenes wlneh 
liAve been uohued 114 the JlcJl cndohcdraJ .wtictiirtta (1], 
there exists a larger number of dl- nnd trimod^l structmcd !n 
fUllefen£ wgos, Aition^ thsse molUTnctAllofbllereneB, the 
Sc3@Cb3 stnietnre is & very important one as die three meta] 
ioTw bo srhown bv ESR spccizoAcopy to bo conolcldy 
oqtrivaieni in fhc poBbion imd «tatc at n>om leniperanuo [2]. 
Ttie posTtiOd of the scanditun iom Iftf idc (he cage can be 
changed at low^r t0Tnp«ralureB oP dmtaQtad by ESR 
spectroscopy [2]. This change of the lncoi^»mieci loetal 
icm position is very wuponant In oompanwon 10 a new class 
or ftiUcrenca: The oLcrldA ciuscex fbUcreries or ma ^diiora( 
rocrnalB MgN^Ca^ fim «otlt»dueod in f^J, These 

addrw Uvntcti^l/w-dzcidCfijlo (U Dunsch). 

0022*3^7/^ - »co ffcra maBcr O 2QQ3t ei^vf^ Litl. All riglju rvterved. 
dB!!lO.l0lAa4pesJ2009.03u0(7;i 



cUmcr ftillcreneji a$ a new typo of endohedral flillerones 
ombiaucs wi encaged intiietal oitrxdc duster structure, 
which iv not vtable 3£ aclA£t« ma;.«cu]o. On tfanlptbor hand, 
tlie caybop c«gw of ScaN^C^, ScjK^C?* WdiScsNOCro 
has aot been Jsolated as empty esgcK BO ftu:. lAfiparanCly 
dicacc di^e l«orncr5 uo fitabllfscd b> ibe hitenicill09t wfih ifte 
mtddo otustcr (4J. The stabflbing effect of the nitride cluster 
i& a ftzrther flnbjoct of deudlod scudlea on ^ luticida clu»tCc 
fLJllcreocA to Doderstaad why $ach ItaHoraios are staUlinod 
in two ways: hy ihe actios of llio earbou c&gA and by Ihe 
covttlmt bonds of the chister to ttio ehee. 

Unfbrtunttely czKlohcdral fuUeieiie stnictiimii dosoifbcd 
in the past wen symliosfml at very smaU yieldsL GeneraHy 
endohedral raettlLofiillflciBncB ata fnand m d yield of 29& or 
less m the lUUercnc aool. Ibis causes tnemendoiis pioblcms 
Jn the Isolation of oodofacdial (txUerenes. There ^vas alicddy 
some IcidJcaUon [n the fic&t diMription of ita ^i^h^t^ 
nillonBho fonneUioD Chat there seems to be a higher 
abuixfence of this cluster fvTIcancac In tha s6ot extract 
rsflgirtg fcom 3 to 5% [3]. Nevertheless, ihcjc is still d stroqg 
dctnand co impmve the y9eui of the endohedral BiUer^nes to 

open fields nfapplrcvirlfkn firw fhnu> nrrnrrim^fl WhOe hi the 
first study^ oir Cracesr were u^ed as a Soiitcc of nitrogen, an 
Improved route for nitzidc duster formaiioci hns to seaich 
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fbr odier seleciivc riScro^en RCiUTiDe$, After a hmi indication 
of an impmvod yjcJct of Sc^®C^ [S], moce detailed 
studio^ hftv^ been undertaken which arc ptcscnted here. 

Bccztuxc of the crucial role of the nitride du^ier few ttic 
fullciene Mahili ty [4], a varicly of M;iN<flPC8o stnictutti wUb 
unlforrn and rniAcd mcial cIuKcera havfi been ixrod(iccd and 
iiiouced. where M^Y. Tt), Ho. Tb and Er. FTIR 
^pecuoscgpy wns U6«d to chack ihc prefercnoc of the 7^- 
Cm vM>mcr for trlmeCal ^dtrtde ioducJorL Moreover^ the j^Ia 
of the trimctat nitride clusw ootppuai ticm for the abundnnoe 
and tftability of cHmeud iijtri<|e clustvr fuliercnes was 
studied. 

Fintdly, the onsci of Vls^lR absorpilon of trtmftTM 
nitride Coo dU^lAr fu1]oronos vros studied lo decide v/hcQicr 
«]l nliniSe dvsier ftillet^n^ unocc study have no NTK 
absorptions and do not behave like low band-gup materlAUi 
ax it Is tho can for ScaN^Ceo [5]. Laa@C9o and wm 
inoUi^d fur oottipfiurlttin to the nitridA cUi^cer fwUcTcnes. 



2. Ekpcrinientnl 

Tho Kriitychzn^r— Uaffitmn arc hvritiit^ tneliiod wan uwrd 
for the prodviction of Che fuUerene moL Tn genarul. gmphitP 
rodH fliiftd wMH a meuiVgraphit© w metal Qvlde/graphjlia 

powder miKturc wcw dipplicd. ThenJtrlda efiMtar ftino/Bne^ 

have laeeh p:^r«d m two difforont modifteatlons of this 
procOfiS. In a firat vcrakm of the pmcMA. a solid niuoscn 
soum ivas xisod by adding omountjt of ealeiiuneyammiidc lo 
cho mfscil/gmphites pou/der miJciure. As the main «ymlicdc 
route, the concept of the fcoctive are atmofiphefe [6] 
applied to iiD|uove the nilo of trimacal tnirido fuUorones to 
exnp^fbilerenea what Is descrlbod in tho nsalta noctioo. 

The flOOl of Ibo wc tMuuing process was first poco^ 
extracted with acetone for sevecid houn to oemovc non- 
fultflieiie pio(i9e9ji liko polycyellc aniniatlc hydfoc^rbons 
<PAXO nnd other low motaMflar «lnM(ai«t;. 5 vVsc<tiTcaUy tho 
ftillerenes weie coxhlfii exudcted by CS^ for 20 K 

High peDTToitnAiioe Ifquid ehtomtitography (HPLC) was 
uaod for fciUe«oae pvEificaUon. I>ue to the high content of thft 
MsNOQn fitnicluiost ihcy hirvc beeik Isoland by a ^hg7e 
scpaisfion step osinf: a 4.<5 x 250 mre^ BuckyPiiJp column 
irracalal Tcsque) to get samples or ;i punty >y5«>. MJiced 
metal ofttsicra tike Er^G^.^(9CBQ * N^) ^"'vno scpor- 
«tDd In tluvo stops using a linear oombinjitjon of thipp 
analytical BiMkyPeop tpohimnx. 

Tlie mass ^otremotrfc characterisation wq$ done by 
MALDl'TOP mw spectfometry vsing the Biflex II 
$poctt(Mtieter (Btukcri GcrmaBy) and Q-iritrnanthnicens as 
tho m2xn%. Tho posidvc and negative Ions of the fliJlensnfts 
have hoiifi dcCcdnri. 

UV-Vfe-NIR spectra of the pujclficd fuUcreno sample* 
wem preferably moasurcd in lolucnc soUnlon udiig an UV 
310J PC spGCtrooictcr (ShJniodMi, Japim) jn ^iprvil 300 
qnaitK cells of 10 mm path length in the range of 
200-2CXK) nm With 11 ccsoIotloD of Z nm. 



For PTIR spectroscopic meEU^vtcsncntsM l^olutlons of 
20-200 p.g fuUcr9ii« in toluene were used to dropooat 
KBr sidj^lc ciystal diskiL RecjdJn;^ $otvcDl was removed by 
hcRting th^ po^crysmlilne fUms in a vacuum lof 10 ^ mbar 
at 250 'C fOf ^ h, FTIR speotm were rcczordcd nf rooro 
temperaiura hy nn TFS fi/iV <pAr.rT<t merer (^mkcr. 
Oorm&ny). 



3- Fullek-etie rotmatlon 

The piuduudLMi of lUt; ciKiIJb ^luMur Cullcrvne^ by the 
Kratscbnicr-Kuffman mediod was dono in two dLffczteDt 
ways. In a flmt RisigB, a RoUd nlttofcn conlainin^ compoond 
was oppiTod which dues not contain oxygen. I'he choice wajh* 
calciomcyanamidc. which was added to theinwial oxide/ 
graphite powder mixture. For all prepatiulons, a carbon/ 
metal ratio of 12.3 was used for the psoduciioa of the 
[u]Jeronc aotit' The tuMWon of calclnmcyafllainitfo co Ibd 
same extent as the metal oonfient Ifi the mi k hire wjih ai^ipHcri 
for cluster Aillejceoe proparution, The neactSoh scheme for 
wild siawi iCiioUon is: 

MjOj + CaCN2 2MN + CaCO, 
3T^ 4- 2C (\t,N]^ 4- (CN)i 

whore tbe bneJcet fXXJ^ points to fl.stractmeiwb}ch is only 
stable OS an endohedral one in a eiubon cage* It is obvious that 
a audv naii^iiuti van uu^or rnxondinf to 

whatitt.<ult$ In gaseous lOlttogen as wsod inRcfJ (3] but mour 
cose. Without any mount of o^gon* DorinsthQ arc burning 
process, there was an inerease of the prfiRjuiro of the heiinm 
atninsphera pointing to tbc foimalion of gaseoas nitrogen. 

Th^ soot pxoduoed with tho above grven compodtton CSc 
as the metal) of iho fiupMl^ rtyth wq» cMlrastcd by CSu for 
20 h <nd hn^lysod by in'LC at the BuckylVepi column. Tho 
re&uU 15 cibown in Rg. I fbr the Bcandhmmitridc fy llerenex. 
wlicuc iLu fmuiluuv me ttuulyned 1^ itiuifij upeaiUiVRteLry. Tn 
Ibis way* the eTidobednl Sc:)N(|9C{io «k the nwin po^uct of 
the fiiilerene soot. Besides SCsK^Cgo- a fnrihor endohedral 
stnieture Sc^^N^Cis ts ptoduced m u sufflcicm amoimt to be 
separated by MPLC. The fuUcroncs Ceo and Ctq which were 
up CiU now in all arc homing pA>ce$$e$, tho main component 
of the soot appear to be die byproducts of theimdction. 

The ScaNtdCflo fullerene sample; were prcfcmbly 
fonned wJih a sticcciviiv ranging from 3 to 42%. The 
yields wczc in each case determined from the area of tho 
HPLC pcdkti. For tho higher values, this Is an imyruvomcnt 
of the nitride duster yield by a. factor Of TO. 1% H vb^iovo lh«it 
tho new mtrogen s^ttrcc c<{vscs strong increase of tbe 
sejccirviiy of the cndohcdml oicride cluster (ullerene. The 
dixadvTmta^ of die new ftillerene production w^ the 
reproducibiUCy of the fulleicac yield. The for the 

variation of the sclcctlvjcy is noi dear but (races of waifir 
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dm<l/or riydrocartons were ex{>eczi^ ui be ihc rc:Asan. 
Thorafofa, thh cooc6p[ <r£ Hhc roamive gas &tiTio«phere wsis 
developed whlcfi wa$ in raorc dctAlI. 

ThO tnm^l clusten) in endohe^l fUUcrbncs were 
a.Rsi^dd to he a dtinvutivc of tttnttionla as a sJinple niitogcu 
compoimd. Thersfore. T>iimecn vhniilM hf: avAiirtbin in thm 
pro&tnbilificd form 10 cnA up in the icimcml nitride xure by 
^ublititutiaa erf the hydrogen m «UTunODia. 

^rUicnnozc aminonla mi a gAA dhotiM be ^ rmXalAv Tui iLu 
»aedon in twa Ate of the Krotschmef-Hutfixiafl iDCihod 
together with the cool ing gas whttt *ccms to be prcterabJe for 
[tie pr<xt\iction of tbe nitride cluster fUUendne. The formation 
of Che du5(er ftiUerene* by tbo ndditloti of 10-20 nibar of 
unnioiiia to 200 mbaf of heHum ba the cooling gM resultj; in a 
completely now conditioii of fliUercno pnxfucticm. 

A* shoivn In Fig. 2, the feactfvc cooling gas wiih 
ammnnl.M »^ « na^cJivc remponcc^C caUiwr a complete 
tnm^fonpatkw of tbe axniDonia eoncTudod from the 
abjCTcc of the ammon?^ Jjuc in the Kaman fcpfrGirum at 
wmod 3340 vui"' ul tlie csiiJ of the ojie burning. ThUA. 
amznonia mice* pnit in the chemical te»e(junji in m 
bumhis proccu While molecvltv aitnigpn is $dU present 




9M scuo 

2. Ssmin Ppeetnim <kf tbo eooUoc SAA eom^nuns annmxiia fbr ihc 

Pf«AicUonDrM^ec^ ^ncmnvs. Af seen by the psiicm 4n ff^ni^of 
3330-3340 era" , ihere is no omfnoMiA to <f«ivatotf after tfic arc humlqg 
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3. Rsman •fvctram of the eooling qu emt^nln^ nNro^Mt for tha 
protViic^on orM:iN9€^ IvHttwic** At ■oMi by tfie pnern iz ZaaOem"'. 
EfiAtt iff ami a iBfte aoiuum cif non-reflea4 nltraffea. 

sftej' arc burning a5 the vibralionat spcctmin of the rcaeeor 
deinonstnitC5 (see Fi^. 3>. 

The addition of amn^onia to the cbolirtg go^ and usmg a 
n\eta1 oxide/graphite powder mixinre for cluster fbllerevie 
prcpHraiion grw» rin of a Taactiop niachanrvni fbr iho ^aa 
pham: 

3Ivf + SNHji — 3M(NHa)2 + SHj — M,Na + 4NH3 

where ihc bT^eKot [XX]* points 10 a KunicnirA Which is onjy 
stable sl% at\ eadobcdrol one In a carbon ca/se. The dleyana i*; 
unTitable at the tompeiamre of arc burning to rorm by 
/euctlon with hydrozen a ccrtahi amount of HCN. It ia 
iihviflUA rhAt thft hyHm^M Uprcitwabb^ revctins hvidi carbon 
accoKdiTtB ^ 

what results linaDy in fomun'on of polycydic nndmatic 
hydroenrboa^ »nd oiher low molecular bydrocaH>ons as 
byproducts which «jO easily 10 t3e washed out by aeetono 
from tbe soot- During ibo arc burning proee^s, $ll non-> 
isaseonx pjioducts aiu dcponitcd at tbe coolod wall of the ate 
burning tfpparatns. 

The tfOQt produced wjHj the above given compoation of 
the CQollnj; tva was extracted by CSa fcr 30 h aad onaly^ji 
by HPLC at the BuekyPt«p column In a aingfe stop. As 
shown in Pig. 4 for ibc holmluranttHde fuUprcnea, die 
ondnhRf^ml HopM<©CQO iv tbe main product of tbe faUereno 
soot lite Sc^NQ^c^No tbo fit^t e^uutrpfe. With tho reactive 
«3no9pheie, tbe endohcdral stnictute Hw^N^Cm « 
pnxluccd tn a jJotOiKlvfty up to 60% an dcvtormincd by HPLC 
The teprodvciblTtty is /n tho range of ±20ft. The empty 
fuMeiCTlCS C^o OBd Cyn are tbo bypnxlucl of tho rojrouon of 
rt»c aic LruxitSii^ piv(^ti9- With the procedoxc ^vcn, 
eodohedrol Aillerene^ c<m be the main coinpoDcat of the 
<vllopene sool and a selccttvlcy of up to 90% (Se furicienc) 
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for the endobcdraf Cso Knicturo c^n be rcwbcd whac Is 
dQmonBLAitDd lor the fir^t itntew 



4. FTIR apactroncopy; «a|ge Oilier IdciltificAaim 
and tiimeUl nftrtdft dtiutdr ^tractaral analysis 

As for fullcTOnas, in E«ncraU the determinaiiqn pf the 
ca£c iscxmcr is one of the main sutdecu of the struetaral 
analynls t&e miTUlc civslcr rullcrcnfljo. Tiie mamrold ct 
i.9OtVk0it^ Qhsto from the dliforenl possibilities to airan^ 
pcntBgon ond hexagon fides on a cloHcd caibon shell for a 
given nnmber of ptani?. WhUe f6f iha smallest ruUacDC 
niolecute C20 wcU m the next pmaJIest Cz^ nod C^^. 
only one possiWIiiy for the formaiion of a ctucbon cage 
exjsis. tvith the CzB ragpi8» the nMtnbcr of fbUetene 
iaomcrs becoizto^ quickly very large. It H approaching 
^9,^7, for fhp. 17. pMingOna tuid 20 hexagons of r.T|. 
In the ok^feeriineii^ however, only cno Qo isomdr is 
ob«uvec1. lLh(u icoMhedral symmficty and aU 12 pentagon 
tiA^ one tfCpmtod frwn ooch othcv by the 20 Tip^^agoas. 
ThiB stzuctam] principle iS termed isolated pentagon mile 
(IPR). It lf» of fioneral validity for nnllHed ftillecBnes, Tbc 
17R has Its pbysicaJ origin in the tower stalnUty of efght 
cleccron RysD^tns which are focmed by pentagon fusing. 
For endohadra! A^Qcx^es, however, penia^n adjacencies 
caa 6c stabilized by tbo chacgc tiwisftr.of cwo alecoxms 
ffOtt% the encased j^da to tlie ftjiietcne. A violation of 
tbc IPR ba5 boaa obaarved for Sc3<&C«ff and dui nlirMe 
cluster ftillenuie SCaNCPCos [8,9]. However, it should be 
noted, that these non-IPR structures were formod with 
much iQwar AbirndiHwa dieui endolMtfral fullorerttti; obey 
ifkg the stablllcy ivlc. 

lofinred g^-iro^copy ba» been pcovnn as a powecfti) cool 
for atraccutul nnalyjJA of fuUcr^ncff. ExporlnmitEul <vji]eiii£i£ 
for the r^, inymrnccry of Ceo was AfSl ODOuAsd ty Uw DUmbCT 
offouT linosr in the FtlR spocTOm, which atc expected ftnm 



vjfrratfonal selection ivlcs [10]. The proof for the /j» cacc 
isomer of ScjNOQo wa5 provided by tbc ''C NMR 
^pocDum, which .<howcd two lines wiih an iotanfilty ratio of 
3: 1 according 10 iho niTmbcr and obinidance of symmetry 
independent carbonf: f3Jll. Tbc anulysis of ihe InfraPBd 
spectra of ScaN^Cjo flnd YjNOJCm traded more than (be 
six Allowed /fk-C^ Hnoc. The otlgpM of diia Qb^ctYotlon \n a 
clynanucai disto^on of the Rymmeiry, aji chc Crimetal 
nionde duster difliides imdde the carbon cage via bonded 
MjN-Cftn wiweir of C,t local synrnietzy [4j, Nevertheless, the 
number of infrBted aotive lines was xnueh lower thno for 
odicr empty and endohednU fullerenes and is cfaBrederisiie 
for a highly i^mctric Cgo caigc [12,13], 

In Fig. S, the mid ntj&tvcd a^iectra of six trimotal m'tride 
lUllerertes and LaftOCm shown In ooni^panson to a 
caleulaficd Rpccmuu of /fr-Cjio [14]. Tbc tangential cage 
mode lan^e Is domtnnted by a very afrons. split line group 
amnnri I^li0*^ni~*. Three n»cdium intense Una £;rotip« 
append oroinid 1515. 1450, and I200cm"^ Due to the 
^meU Tnimbcr of Infhued lines and the seoctaX ajpccmcat of 
dui vlbrudonaX 9tnjotM>«^ Tb^^^^Ca^ XXe>3K0G|o. Cr$c> 

N®Ctfih Bt^5cN<9Cm- and Er^Ni^Cfo ate aasifincd to the 
/a-Cbo cs^a bomer as ic was picvlously cscabHahad for 

At lower cocrglcs, ifiAtrf metal niltido fvHcxcncs exblUt a 
vaiy stronfi. metal-depcndau absoipdon^ which is absent Air 
l^z^Qui (Fig. 5. left), Duo to its metal tiep&ndenco and 
supported 1^ quaDtamehflmicql ca1colation& for Sc^N^Cfio 

tills line Is a.^finod m the nnlisynimptrir. miratfaLnjuo^on 
atretchlng vltimiioo— ^.^ <MN)-^f tlw M3NclU5tar [4J. For 
a tfijronal planar four acomic inolec&le, iMs tnode is doubly 
dApsneniled and ena lino Phonid appear tn \hio Tpcemtfn, 
This has been obaerved for Se^N 9C^o- ^ oihor diwtcr 
fptldcjiGs. v„ (MN) IB split into two components, 
linUuTUlufi a ObunUun uf Uie iri^onvl geomcfry, &^pllc1i 
spectroMGopic data are luncd in TsUe I. The \sx^^ ^iitdng 
or 64 cm^' Was observed for the mixed metal clP9ter 
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aiccvniulBiiaiu. ZDem"^ ftssoltotiort; «]wctni vrcic vhMted alons Tnfieniiliy 
far itipivientrtlaii; « calculued PTIR spectrum CjST UAivil Cront 
Itef. 19] is ifkc|iid«0 Ih form ofvaticBl bars. 



ftiUercnc Er^ScN^Cfto- Tntennedjiite tipliEtLng energies ef 
7X>cm'' ^ivoro found for tbc mixed metal clusi&r hillerend 
nrSc^f^^CZ^ iiiMl f^vTly^^^C^ IitlCivaF^i^lyt IvlIuuki Lax 
Ihc largosc iiTrri^ ni^itjy oF The metals under study an UAicd in 
Tabic 2. Snriall sp11ttln$$ in Ihe onlcx of lOcm"^ or less 
Gbscrvcd for Y^Ni H^N mid Gr^N in^kl^ h^90 Atd 
for Sc^N encaged in the amallcr C}j| fallercnG. Thcw, ou^ 
analytii^ fevieaJed (he foUowioft QuanUtics of influence cm 
the v„ (MN) line splitting: 

(1) line pLcactiuc uf dUCbuaii ineial*, 
(tl) file ionic radJiM, 



TIiafl«qiiei)ey oC v„ (AfN) ncrlbined cothe mcsal niiragan 
xibrBifons nllows ftirthcx ooncliMhMfl on die nmtccum of 
xho triinctni DiDclde cluner. For Identicii], tdspnul pUuiar 
valBnca ftttCA flAl<U ih6 ftcuuoocy should depend on 
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thcTcdiiced mws in the Mlowin^ order: 

= t .036i5i«(Ho5N, EfjM) (J) 

Tn thr. ^ntp^tTimwir, Th^- mJjifIon?Wp ofEq. (I) atlmon 
fulfiHad for YaNt^Ceo, Ho3N®C«i» wid Er^@C«rt. Com- 
pared to these attvcturos, TbjiNtg&Cgo paxticuter. 

Kcnoe, ttvee force fields have no be t^ken jn(£> Recount Tor ihc 
Hv^ nnlforcn M^N^Cqq ntrucmtos uncJor fitiidy. This 
coneiiutioi i$ snxin^iy ^ppoited ijy ^ v„ (MNj splitting 
enet|»y orderiti$. The related pHrumetera of fbe vatcncc force 
fiefd might be the CMN> vfOcncc foree COnStnot aod the 
(MNM) wcU «» (MjN) bond auclea. 



S, Eloctronic afasorptian spectra of nitride 
duster Ckdlerenex 

IntR>duein£ nitride cluster AiUereaes, their dbvious low 
energy onset in NIR Absorption was potnled out to have ihe^e 
nrcrida«1tute(;fiiIleximes;tslOv«fb«Bd ^vfiTniitariaU [3J« MdTc 
dec^lod $iodics in our snnip [S] have shown thot thiA NTR 
onset is nolcauiied by the nitride cloQtw funoene itseit The 
energy oineEOftco tx>twccn uie highest occupied and the 
lowest oooccupied eteciranlc scate^ lol Iho HOMO-l^UMO 
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^«p, » a cmdal crlrerJofl for Ihc electronic srabiiS^ of 
molecular fitructurca. It i£ roughly givon ty 

^ -ei^ ^jEIf-^ +OOD3t, (2) 

WhiSrc 9i und e» ons tfsc Gnaraiai; of tho IJJMO and HOMO. 
hJSf-^ is ihc observed cranjtiiion energy between tx>th nftces 
ra an UV«Vl9-Nnt oxperlnwRt and coast in the jram nvor oil 
rmnfrihnttonv of tfae election -><electnin int&raccSon. in 
pmiiculjur, the Coulomb Tntcacvceioi] between Hie sround xind 
eauaied ston conflgin'afioil and lb«e]i«hiiD|;ointD^al [16]. As 

Is general^ mailer tfuui the HOMO-LITMO gap 

energy. 

In Fig. 0^ The vi^-NXR aO.^soiptiOD spectra in the onseC 
region of ti^met»l nibido Cm eluster fdUcrcneft are compaced 
to tHompOQSe of Ul2<^Cao and C^so. The data listed ijCiT^blO 3 
in wavclcngtb and wave number urritR ctcviy demonsntito 
that sU nitride dnster fbllerenes uodcr study have no N7R 
abaiomtiodS. Their spcctnl onsets and HOMO-LUMQ 
transitMxi ^ner^e^ a/e ii]> (o 0*4 cY bluc-sbiftcd In coraparl- 
son CO L4l2®Cao< The vnlncs of AJ^^ 1-8eV for 
H<^N<ZPC|Mr V)N0^Cm> And fir^N^C^o ax« approaching tho 
energy of ihfi Orst opUca! muixitioo in Qin at 2 bV. Kdrco. nil 
mrndo cluscer fuUBrenc* Dnder study can be assigned to the 
grwp qF locso bawKl^gap fH(lerene9. 



0. CCUCllUtDOS 

Tfae concept of reactive sa$ otmosipfaeic was demon* 
stcatied to eauaa a break through in the access to cndohcdnd 
lidlanartaA by onlaciglrtg tfto sdectivity of the endobednil 
«trucnire ptoductlon In tbc fttUercne sooi exiraet op id 90% 
of a fotal amount in tho itta^c* This is the fim fulterene 
synthcais wjfh an cndohedcal ftiNeienfi f» the main niUimnc 

of the nitride closter jHillorene becomes quite simple and can 
be managed by a single cbramamgraphJc xeparafloji. mui^ 

tho Dvailiibilitjr of ondohodml fuUcrpncj Onr npplied xcscax^b 
U Increased and a search for new ilclds of applications bs 
facijitalcd.- 



Vu— NIR absorption upectni In the onset roipoa of 
trimetal nicHdo Coo chisccr fullcicncs dearly deTnon.stnite 
thar nil niCrxdo chisrttpr futlcrciics uruJcr studylhavo no NIR 
Hbsozpliond. With respect to the band-gap. fhej r^n^cnt (he 
most stable fullercne sxnictures ol on bo^idcft Cm and Crn. 

Our t^MuTui niQi^ftov^^ p^uiT (o a crucial rale of the 
trtmoul tiUfic]D eluster compositian for the abundance and 
$itabi]i1y of trimcta] nitride clustejr fuTlerones. For 
HtmotUteei wicn UnllOnn nirc cartb metal nibridB cluntBrs, 
thrive qvvitifics following ibc sequence ^r^^ ^ Y^K > 
Ho^NCTb^N with reap«»t to the cliLSter metal were 
estabtished: 

0) the relative yield in tbo fvllcfono extract' 

(it) the m3!5» coirocted fxequicaey of v„ <M>0 

(ili) (he ir^AAsitioD enerigy of the lowest eitci^gi^ electtonie 

Similwly. the splitOJig enec^ of the antisymmclric 
mtniil-nitro^zon ^trat^ln^ vitwaiion. which i* a nxGoaw^ of 
the cluster QleforTnatfan, showed an lnver!»s tendency. Th^se 
observations indicate dial steric pmpeities of the trimetal 
niitlc^ ciMSiers havu ngniBcant innuenee on the over&it 
^tabUliy and formation abundanoft of oUode clyster 
fUllercnex. 
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